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symmetrical stretching mode and the asymmetrical stretching vibrations of CF 2 group and CH 2 wagging. The IR spectrum of MEEP polymer presents a number of broad peaks in the 750-1500 cm -1 region from which the P-N-C, P-O-C, C-O-C, C-N and P=N are found. [S1] The main characteristic peaks of single components are well preserved in the IR spectrum of SPE, as evidence by the fingerprint region between 500 cm -1 and 1900 cm -1 . Two main regions of interest were identified: (I) the stretching and oscillating frequency of the carbonyl double bond, C=O, observed in the region 1750-1850 cm -1 originated from the LiBOB; and (II) the merged and broadened peaks in the range of 700-1460 cm -1 were assigned to the representative peaks of the components of LiBOB, PVDF-HFP and MEEP polymer. Comparing the IR spectrum of single components with SPE, the characteristic bands shifted to higher frequencies due to inclusion of salt concentration which confirms the complexation of the electrolyte and the dissociation of LiBOB salt.
This indicates only certain amount of salt is able to dissolve that limits the number of generated Li ions. [S2] Moreover, the detected tiny peak for crystalline phase PVDF-HFP appears at 703 cm -1 in SPE signifying that a certain level of crystallinity of the polymer electrolyte which improves the mechanical stability. The absence of peaks in the SPE which were observed in the IR spectra of LiBOB, PVDF-HFP and MEEP polymer demonstrating that the two polymers and Li salt are well-mixed without phase separation. 
XRD Characterization
Phase comparison of the LATP ceramic solid electrolyte and LHSE were evaluated by XRD, as the corresponding diffraction patterns are displayed in Figure S2 
Lithium Ion Transference Number of SPE
The lithium ion transference number of SPE is obtained by the combination of chronoamperometry and AC impedance analyses in lithium symmetrical cells, as shown in Figure S4 . The interface impedance was measured at the beginning and at the end of the S6 polarization in order to determine correction factors which eliminate the influence due to any small drifts of the interface resistances. The ohmic part of the metal/polymer interface impedance, namely the resistances (before polarization) and (steady state) were 
In order to take into account the change of the electrolyte resistance from , to ,0 , during DC polarization that caused by the formation of a concentration gradient, an additional correction according to Abraham et al.[S5] was introduced. This correction leads to the following final equation and was used in our experiments:
As demonstrated in Figure S4 , while increasing the polarization time, the current reaches the steady state. The obtained Li + transference number at 50 °C for SPE is + , 0.06. The low lithium ion transference number value is attributed to the molecular structure of MEEP that cause of the strong lithium coordination between the oligoether sidechains and the nitrogen atom inside polyphosphazene backbone. [S6] S7 Figure S5 SEM images of the binder-free, current collector-free, flexible carbon nanotube enhanced Li 3 V 2 (PO 4 ) 3 cathode. 
Figure S8
Nyquist plots of Li|layered hybrid solid electrolyte|Li 3 V 2 (PO 4 ) 3 /CNT allsolid-state lithium battery at pristine state, after 100 cycles and after 500 cycles at 0.2C at 50 °C.
EIS During Long-Term Cycling
The impedance measurement was performed on the battery at the pristine state, after 100 cycles and after 500 cycles, respectively. The overall battery resistance slightly decreased after the first hundred cycles and kept basically constant until the end of longterm cycling, indicating a high electrochemical stability of the prepared battery. However, since the processes are highly overlapped in the frequency range, further analyses are ongoing in order to resolve the results.
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Figure S9 Surface SEM images of lithium anode ((a) and (b)) and solid polymer electrolyte (SPE) ((b) and (c)) on the layered hybrid solid electrolyte (LHSE) before and after 500 cycles at 50 °C. (e) ATR-IR spectra of the SPE surface before and after 500 cycles. (b) Nyquist plots of the fresh LATP and the LATP used in LHSE after 500 cycles.
Post-Test Characterization
To shed light on the stability and compatibility of the LHSE with metallic lithium anode, SEM characterization on the lithium anode and the SPE, which was in direct contact with lithium metal, is performed after the disassembly of the Li|LHSE|Li 3 V 2 (PO 4 ) 3 /CNT S12 battery which finished long-term cycling. The surface region on both samples were marked before cycling to gain relative comparison. As can be seen in the SEM images in Figure S9 (a) and (b), after cycling, the roughness of lithium surface is increased but no cracks and dendrites were observed on the surface of lithium, which can be attributed to a relatively uniform Li + flux across the interface between Li and SPE. Except some lithium was left on the surface of SPE, as shown in Figure S9(c) and (d) , the morphology of SPE become smoother after long term cycling, owing to the constant pressure on the soft polymer layer between lithium metal and LATP pellet. The chemical composition of SPE, after contacting with lithium metal for a long time cycling, is checked by ATR-IR spectra, where all the characteristic peaks are well preserved, as shown in Figure S9 (e), indicating high electrochemical compatibility of SPE with lithium in the relevant potential range of 3.0-4.3 V. The electrochemical compatibility of the LATP, which was used in the longterm cycled all-solid-state battery, is studied by comparing the impedance measurement in a Pt|LATP|Pt blocking electrode cell at 50 °C, as presented in Figure S9 (f). The charge transfer resistance of the LATP after cycling is slightly increased, while the total ionic conductivity decreased from 0.45 to 0.42 mS cm -1 , meaning the success in the integration of LATP with metallic lithium anode, with the help of SPE, in the all-solid-state batteries.
